Introduction
Alcohol is currently the most commonly used recreational drug in sub-Saharan Africa (SSA) and in Uganda. While 40% of Ugandans are lifetime abstainers, consumption is very high among current drinkers (23.7 liters of pure alcohol per capita), which is on par with drinking levels in Russia (22.3 liters) 1 , a country known for high alcohol consumption. 2 The HIV prevalence in Uganda is 7.4%, 3 and alcohol is a risk factor for lower antiretroviral therapy (ART) adherence worldwide. 4 In Southwest Uganda, unhealthy alcohol use among persons with HIV was a strong predictor of poor ART adherence, lower CD4 cell counts (measuring immune system health), and detectable HIV viral load (indicating treatment failure) in a cohort of persons initiating ART. 5 Therefore, decreasing unhealthy alcohol consumption among those with HIV is vital to improving HIV treatment outcomes and reducing onward HIV transmission in SSA. However, little is known about the patterns of alcohol consumption after HIV diagnosis and initiation of ART.
Receiving a diagnosis of a serious chronic illness such as HIV provides an opportunity for a "teachable moment" that has been theorized to motivate health-related behavior change. 6 Consistent with the Health Belief Model, 7 individuals newly entering HIV care may perceive a number of health-related threats such as symptoms or functional declines that motivate engagement in behavior change to optimize health outcomes. 8 Specifically, entry into HIV care represents an important "cue to action" where individuals may be especially driven to reduce alcohol use in order to reduce HIV symptoms. 9 However, these efforts to decrease drinking may be short-lived after initiating ART, once cues to action such as HIV-related symptoms and ART initiation-related side effects resolve. 10 We recently found substantial reductions in self-reported alcohol use after HIV diagnosis 11 and after ART initiation in Uganda. 12 In addition to HIV-related cues to action described above, a possible explanation for these declines is that new HIV patients in these clinics are screened for alcohol consumption using the Alcohol Use Disorders Identification
Test -Consumption (AUDIT-C) 13 and provided brief advice to reduce or cease their alcohol consumption. However, we have also found evidence of under-reporting in this setting; 14, 15 therefore, it is plausible that these trends were at least partially attributable to the social This article is protected by copyright. All rights reserved.
desirability bias inherent in self-reported measures of alcohol and drug use. 16 Socially desirable responding may be especially prevalent in Africa, where persons infected with HIV who are hoping to receive ART may under-report their alcohol consumption in fear of being denied treatment. 17 While there have been no recommendations for withholding ART from drinkers, such fear may be an outgrowth of the original scarcity of ART prior to 2004, after which the provision of ART dramatically increased 18 In preparing to start ART, providers discuss with their patients their readiness to begin lifelong treatment, and clinic counselors frequently promote healthy living, including avoiding tobacco and alcohol and maintaining good nutrition; these may influence patients' reporting. To help overcome this challenge, metabolites of alcohol consumption can serve as objective biomarkers of alcohol consumption. 19 Phosphatidylethanol (PEth), a phospholipid formed only in the presence of alcohol, has shown high sensitivity and specificity for heavy alcohol consumption in several studies. [20] [21] [22] Thus, we utilized this biomarker to augment self-report to objectively measure unhealthy alcohol use.
The goals of this study were (1) to determine whether unhealthy alcohol consumption changes over the first year of HIV care in Uganda, using PEth to augment self-report, (2) to determine whether trends in unhealthy alcohol use differ by health factors such as perceived health, HIV symptoms, and ART status, as well as variables that have been consistently associated with unhealthy alcohol use in Uganda, namely gender and prior unhealthy alcohol use, 13 and (3) to determine whether our findings using PEth to augment self-report differ from using self-report alone to measure unhealthy alcohol use.
Methods
This manuscript reports the results of a one-year prospective cohort study that is part Testing Laboratory. 24 The lower limit of quantification was 8 ng/ml, and the most common PEth homologue (16:0/18:1) was detected. We previously found, in a study of 77 persons with HIV in Uganda, high area under the receiver-operating curve (AUC) of PEth for any alcohol use in the prior 21 days (AUC=0.92, 95% CI: 0.86-0.97) which did not differ substantially by ART status. 22 PEth results, are considered experimental and were not shared with patients or providers.
Outcome variables The main outcome measure was unhealthy alcohol use, in which we used the PEth biomarker result to augment self-reported unhealthy alcohol use. Self-reported unhealthy alcohol consumption was obtained via the AUDIT-C, modified to elicit responses for drinking in the prior 3 months, with cutoffs of ≥3 for women and ≥4 for men. 13 PEth was considered positive if the value was ≥50 ng/ml. We chose this PEth cutoff based on previous studies. Using daily breathalyzer tests and self-reported daily drinking over 21 daily home/bar visits in 77 persons with HIV in Uganda, PEth was 95% sensitive and 73% specific for detecting any risky alcohol consumption (NIAAA cutoffs 25 ) over 21 days using a cutoff of ≥10 ng/ml. 22 Other studies, using higher cutoffs, demonstrated higher specificity, as expected. A study of 80 non-pregnant reproductive-aged women found that a PEth cutoff of This article is protected by copyright. All rights reserved.
≥45 ng/ml was 62% sensitive and 95% specific for detecting an average of >1 drink per day over the prior 2 weeks, 26 while using a cutoff of 50 ng/ml was highly sensitive (93%) and reasonably specific (83%) for detecting daily drinking of 2 or more drinks per day in a study of 222 patients with liver disease (S. Stewart, personal communication). Thus, we chose 50 ng/ml as the cutoff for PEth that would yield good sensitivity and high specificity for unhealthy drinking. We defined unhealthy drinking in the prior 3 months, as either PEth+ or
AUDIT-C+ at each study visit.
Predictor variables Months since baseline was the main predictor of interest. We also examined whether the trend in unhealthy alcohol consumption differed by the following covariates: gender (male vs. female), prior unhealthy alcohol consumption, general health perception, number of HIV-related symptoms, and current ART use.
Prior self-reported unhealthy alcohol use was determined by asking the participants to consider the period in their lives in which they had consumed the most alcohol, and to answer the AUDIT-C questions with that period in mind. Scores above the usual cutoff (≥3 for women, ≥4 for men) indicated prior unhealthy drinking.
At each interview, we measured general health perception using the first question of the Medical Outcomes Study HIV Survey (MOS-HIV), "In general would you say your health is excellent, very good, good, fair, or poor?". The MOS-HIV has been shown to validly measure quality of life and is a good marker of health status in persons with HIV in Uganda. 27 This single question has not been validated in persons with HIV, however the question predicted one-year mortality as well as a validated physical health scale in persons receiving Veteran's Administration outpatient care, 28 with mortality rate increasing linearly with the perception of poorer health. Therefore, we included the general health perception measure as a continuous variable, with scores from 1=excellent through 5=poor.
At each visit, we elicited HIV and HIV treatment-related severe symptoms lasting at least 4 weeks, from a list of 9 of the most prevalent symptoms chosen from the AIDS Clinical Trials Group Index. 29 ART status was whether the participant reported being on ART in the prior 3 months; there was 97% agreement between clinic records and self-report on this variable. All questions were translated and back-translated and underwent cognitive interviewing to confirm that the intended meanings were conveyed. 30 Statistical analyses The primary analysis was based on evaluating temporal trends in the proportion of participants engaging in unhealthy drinking, as measured by the measure This article is protected by copyright. All rights reserved.
described above. We used mixed effects logistic regression models (as implemented in the meqrlogit procedure 31 in Stata), including a random intercept for each participant. 32 The initial models included months since baseline, gender, self-reported prior unhealthy alcohol consumption; time-dependent measures were ART status, general health rating, and HIV symptoms. Next, we evaluated evidence for interaction between months since baseline and each of these predictors individually, using a 10% significance level as the criterion for retaining the associated product term in the model. The only variable that met this criterion was ART status, as reflected in our reported results. For comparison purposes, we ran additional analyses using AUDIT-C+ as the outcome. We also investigated possible sample size-related instabilities in estimated parameters by refitting models using alternate optimization routines and varying quadrature points, and found no issues with the system defaults.
The study sample size of 212 was selected to obtain a 95% confidence interval (CI) for the proportion of prior year drinkers who become abstinent over the year of follow up of with a width of at most 15%. Assuming a true proportion of 50% and up to 15% loss to follow up yielded a sample size of 180. This sample size was also sufficient to yield a similar degree of precision for engaging in unhealthy drinking, which we subsequently selected as the outcome more relevant to HIV outcomes.
Results
Recruitment and retention From July, 2011 through July, 2013, 3747 new patients were screened and 621 were considered eligible for the BREATH study. Sixty-one percent (n=381) agreed to enroll in the study. Similar proportions of those who enrolled compared to those who declined participation were female (45% versus 47%, respectively, p=0.59). Of the 381 persons enrolled, 213 were randomized to the cohort described here and 168 to the minimally assessed arm. Of the 213, 5 were found ineligible after enrollment, leaving a sample size of 208, with a total of 937 visits. The 3, 6, 9, and 12 month visit completion proportions were 89%, 88%, 88%, and 87%. Reasons for non-completion included death (n=7), study withdrawal (n=3) and loss to follow up (n=18); 3 additional data points were excluded because PEth testing was not performed.
Participant characteristics The majority (57%) of the participants were male, the median age was 30 (interquartile range [IQR]: 25-38), the median CD4+ cell count at baseline was 347
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cells/mm 3 (IQR: 219-533), and 72% of those enrolled initiated ART during the study (Table   1) . At baseline, AUDIT-C was positive in 44% of the participants, while PEth was positive (≥50 ng/ml) in 52%. Median PEth at baseline was 57.8 ng/ml (IQR: 1.0-211.0). PEth was positive in 36% of those who were AUDIT-C negative, and 73% of those who were AUDIT-C positive (p<0.01). The baseline proportion of unhealthy drinking, i.e. PEth+ or AUDIT-C+, was 64%. Three participants had attended an alcohol support group or sought help for their alcohol problems in the 3 months prior to baseline.
Unhealthy drinking (PEth+ or AUDIT-C+)
The random effects mixed model showed no significant reduction in unhealthy drinking by months since baseline (Table 2 , model A). The odds of unhealthy drinking were significantly lower for those visits in which patients were on ART versus not on ART, reported more HIV symptoms, reported poorer general health, and the odds were increased for men and for those reporting prior unhealthy drinking at baseline.
The only significant interaction was between months since baseline and being on ART ( Table   2 model B and Figure 1a) , demonstrating a decline in unhealthy drinking over time for those not on ART, and an increase on ART.
Self-reported unhealthy drinking (AUDIT-C+) The proportion self-reporting unhealthy alcohol consumption by AUDIT-C declined over the first year of HIV care (Table 2 , model C), and the proportion AUDIT-C+ declined in the first year of HIV care for those not on ART, but there was no significant change for those on ART (Table 2 , model D, and Figure   1b ). Multivariable models of AUDIT-C+ as the outcome demonstrated attenuated covariate associations compared to models using PEth+ or AUDIT-C+, and the associations of gender and the general health rating with unhealthy drinking were no longer statistically significant.
Discussion
The main finding of this study is that we found no evidence of an overall decline in unhealthy alcohol use among persons in their first year of HIV care in rural Uganda.
Unhealthy alcohol consumption did decrease prior to ART initiation, but then increased over study visits in which the patients were on ART, returning to high levels. The clinical implication is that while patients may initially decrease their alcohol consumption upon entry into HIV care and prior to ART initiation, such reductions are unlikely to be maintained over time without more systematic interventions, and unhealthy alcohol use is likely to negatively impact ART adherence and HIV outcomes. The majority of participants, 75%, reported
unhealthy drinking in the past, and the extremely large odds of continued unhealthy drinking for this group suggests that reducing drinking for most current drinkers may be very challenging.
The initial decline in unhealthy alcohol use among those visits when the patients were not on ART may be related to the advice given by the ISS clinic counselors at intake visits that alcohol and ART do not mix. We found in a qualitative sub-study 23 that patients were motivated to reduce their drinking by this advice. However, many reported that it was difficult to maintain these reductions. Our finding of increasing unhealthy alcohol use when on ART is consistent with a finding of decreasing and then increasing sexual risk behavior among men initiating ART in another cohort of persons with HIV in southwestern Uganda. 33 This finding is also consistent with the larger literature proposing that different processes influence initiating health behavior change and maintaining change over time. 34 Given the sometimes dramatic improvement in physical health subsequent to ART initiation, the cues to action for avoiding unhealthy alcohol use may taper over time among HIV-positive persons on treatment. When this study was conducted, ART was initiated when CD4 cell counts declined below 350 cells/mm 3 . The current cutoff for initiation is 500 cells/mm 3 and thus many patients now begin ART at their first visit, often prior to the development of HIV symptoms; therefore effective interventions that do not rely on symptoms as cues to action are needed.
Further work is needed to reduce alcohol consumption during the course of ART.
There is a paucity of trained mental health professionals in SSA; however, brief alcohol interventions, which can be delivered by lay personnel and therefore may be feasible for use in health clinics in low resource settings, have shown promising results for reducing unhealthy alcohol consumption in primary care clinics in resource-rich countries. 35 Recent trials of single-session brief interventions conducted in health clinics in South Africa have yielded inconclusive findings (both the intervention and control arms reported large reductions in alcohol use), 36, 37 while trials of multi-session (4-6 sessions) alcohol interventions conducted in Kenya 38, 39 and South Africa 40 have shown efficacy to reduce selfreported unhealthy drinking. Thus, while the latter results are encouraging, more work is needed to determine whether multi-session interventions can feasibly be integrated into HIV care in SSA, and whether briefer interventions, which are likely to be more scalable in resource constrained settings, are also efficacious.
Another important finding is that the trends over time were quite different when PEth was used to augment self-report, compared to when self-report alone was used. This is This article is protected by copyright. All rights reserved.
consistent with previous findings of under-reporting of alcohol use among persons with HIV in Uganda. 41, 42 This is the first study that we are aware of that used biomarkers to examine trends in drinking. Our results suggest that prior findings of declines in self-reported drinking after HIV testing 11 and ART initiation 12 in Uganda may be invalid. When the AUDIT-C was used as the outcome variable, a declining trend was seen, and the regression coefficients for the covariates all attenuated towards the null (one), the expected result of misclassification of outcome variables. 43 The dramatic attenuation of the odds ratio for gender from 3.28 to 0.81 is consistent with our recent finding that the odds of under-report are much higher for men compared to women. 15 It is likely that patients in HIV care, in which they are told to avoid Zimbabwe, in which participants told researchers they were using the study products but biologically confirmed compliance was later discovered to be very low. 44 Thus our findings extend beyond the area of alcohol use to serve as a reminder that research studies should be especially alert to the potential for social desirability bias, and should utilize objective biological markers and other techniques to avoid this bias wherever possible.
There are several limitations of note. First, this study was limited to those who had reported consuming any alcohol in the prior year at their initial clinic visit; therefore, drinkers who denied prior year alcohol use, if they exist, were omitted. The AUDIT-C has been sensitive and specific for detecting alcohol misuse in patients in primary care in the U.S.; 13 however, there have been no validation studies of the AUDIT-C in Africa, nor studies of appropriate cut-points, despite its frequent use. 45 In addition, while our classification of unhealthy drinking was improved by the use of PEth, this biomarker is not 100% sensitive or specific; therefore, we may have misclassified unhealthy drinking in either direction. In addition, prior unhealthy alcohol consumption was a novel study variable and therefore has
not been validated. Furthermore, the study was powered to examine the proportion with the outcome at one year, thus the sample sizes for our analyses of effect modifiers of the trend were not large. However, we used a significance level of 0.10 to counter-act the lower power to detect interaction. Lastly, the study covered the first year of HIV care, therefore there was less than one year of follow up of ART use, and we cannot extrapolate our unhealthy drinking results beyond this period.
In summary, using PEth to augment self-report, we found that unhealthy alcohol use declined prior to the start of ART but then rebounded with time. This has serious implications for the long-term success of ART, as unhealthy alcohol consumption adversely impacts treatment success via reduced ART adherence. While unhealthy drinkers entering HIV care may be initially motivated to reduce their alcohol consumption, that may not be enough to maintain reductions in drinking over the long term. Systematic strategies to reduce unhealthy alcohol consumption among those on ART that are feasible for implementation in limitedresource settings should be explored. Interventions such as brief alcohol interventions, possibly with the assistance of technology for intervention delivery, 46, 47 should be considered, and biomarker measurement will be necessary to objectively examine their impact. Table 2 ). A. Unhealthy drinking is defined as phosphatidylethanol (PEth)≥50 ng/ml or 3-months AUDIT-C positive. B. Unhealthy drinking is defined as 3-months AUDIT-C positive. 
